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1
INFERRING GRAPH TOPOLOGIES

BACKGROUND

Graph topologies can be processed by taking use of tools,
libraries and frameworks. The process of creating a graph
topology from data in different format or even with no
format at all (unstructured data) may be highly complex and
time consuming.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of an example computing
device for inferring a graph topology;

FIG. 2 1s a block diagram of example instructions to
identily parameters associated with a graph.

FIG. 3 1s a block diagram of example instructions to
identily a node identification (ID) associated with a graph.

FIG. 4 3 1s a block diagram of example instructions to
identily node attributes associated with a graph.

FIG. 5 1s a block diagram of example instructions to
identily edges without attributes associated with a graph.

FIG. 6 1s a block diagram of example instructions to
identily edges with attributes associated with a graph.

FIG. 7 1s a block diagram of example instructions to
identily edges attributes associated with a graph.

FIG. 8 1s a flowchart of example blocks for inferring a
graph topology.

FIG. 9 1s a flowchart of example blocks for inferring a
graph topology.

FIG. 10 1s a block diagram of an example machine-
readable storage medium including instructions to infer a
graph topology.

FIG. 11 1s a block diagram of an example machine-
readable storage medium including instructions to infer a
graph topology.

DETAILED DESCRIPTION

A graph topology can be a representation that can com-
prise nodes that can be represented by distinct points and
edges that can be represented by arcs joining a correspond-
ing pairs of points. Hence, the points may represent the
nodes of a graph and the arcs may represent 1ts edges.

The present disclosure can take use of a form of highly
structured data specified as relational data in relational
databases. Relational databases can organize data into a
regular tabular row and column structure also specified as
relational schema. In this relational schema, tasks can be
processed by performing structural relational operations that
may comprise select, project and several types of relational
joins, among others. The mentioned tasks may have a
regular form embodied 1n the Standard Query Language
(SQL). Relational databases and graph-oriented databases
can be both based upon relations between data and could
comprise similar type of data. Hence, the present disclosure
can rely on a relational schema available in any relational
database system to infer a graph topology that can be
enriched with edge attributes.

Systems dealing with converting relational data into graph
topologies rely on user mput to extract a graph topology
from tables in a database. The extracted topology can
represent a barebones graph comprising a list of vertex and
their connections. It 1s technically challenging to infer a
graph topology enriched with information inferred from a
database. To that end, few systems implement a sort of very
basic inference that heavily relies on a specific relational
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schema. These systems cannot create a graph topology by
inferring information from relational databases.

The disclosed techmical solution relies on inferring a
graph topology by dynamically mnspecting the database
schema without making any assumption on the structure of
the tables of the database. Graph topologies can also be
inferred by applying the solution described 1n the present
disclosure. The disclosed solution utilizes edge attributes as
they require users to indicate the mapping between a table
column and an edge attribute. A first type of edge called edge
without attributes can be inferred from a column 1n a table
in the database. A second type of edge called edge with
attributes can be inferred from two columns 1n a table 1n the
database. An edge can be an entity that links tables within
the database. Examples of edge attributes are data associated
with edges: most commonly edge weights, or visualization
parameters. An edge attribute can be mnferred from a column
in a table or other information associated with an entity that
links tables 1n the database. The present disclosure proposes
a solution that solves the aforementioned technical problem
as 1t can infer edge attributes in the process of graph
topology extraction from relational data.

In an example according to the present disclosure, a
computing device for inferring a graph topology may com-
prise a physical processor. The physical processor of the
computing device may execute instructions on a machine-
readable storage medium for inferring a graph topology.
Each table from a set of unclassified tables according to a
relational schema can be processed by the physical proces-
sor. The physical processor may execute instructions to
process the set of unclassified tables and these instructions
may comprise instructions to determine a primary key
comprising a set of columns of a table being processed,
determine a set of foreign keys, each foreign key comprising
a column of the processed table. The physical processor may
turther execute instructions to identily a parameter based on
the processed table, the primary key and the set of foreign
keys. The parameter may comprise a node identification, a
set of node attributes, a set of edges without attributes, a set
of edges with attributes or a set of edge attributes. The
physical processor may further execute 1nstructions to cause
the display of the graph topology based on the processed set
ol unclassified tables.

In some examples, the physical processor may execute
machine readable instructions that cause the computing
device to responsive to the primary key comprising a single
column which does not comprise a time stamp, 1dentify the
single column as the node identification and responsive to
the primary key comprising two columns and one of the
columns comprising the time stamp, 1dentity the column
which does not comprise the time stamp as the node 1den-
tification. The physical processor may execute machine
readable instructions that cause the computing device to
responsive to node 1dentification being 1dentified, identify a
set of columns of the processed table as the set of node
attributes, wherein the set of columns of the processed table
do not comprise the primary key or the set of foreign keys.

In some examples, the physical processor may execute
machine readable instructions that cause the computing
device responsive to the primary key comprising a single
column, i1dentity the set of foreign keys as the set of edges
without attributes and for each foreign key, the physical
processor may execute machine readable instructions that
cause the computing device to determine from the processed
table a source of an edge without attributes and determine
from a further table associated with the a set of foreign keys
a destination of the edge without attributes.
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In some examples, the physical processor may execute
machine readable instructions that cause the computing
device to responsive to the primary key comprising more
than one column determine a set of pairs of foreign keys
based on the set of foreign keys, 1dentily the set of pairs of
foreign keys as the set of edges with attributes and 1dentily
additional columns of the processed table as the set of edge
attributes, wherein the additional columns do not comprise
the primary key or the set of foreign keys. In some examples,
for each pair of foreign keys the physical processor may
execute machine readable instructions that cause the com-
puting device to determine a first key of a pair of foreign
keys a source of an edge with attributes and determine a
second key of the pair of foreign keys a destination of the
edge with attributes.

In another example according to the present disclosure, it
1s described a method being implemented by a computing
device comprising a physical processor executing machine
readable instructions. The method may comprise analyzing
a set ol unclassified tables and for each table the method may
comprise obtaiming a primary key, the primary key repre-
senting a set of columns of an unclassified table from the set
of unclassified tables, obtaiming a set of foreign keys, each
foreign key representing a column of the unclassified table
and 1dentifying a parameter based on the unclassified table,
the primary key and the set of foreign keys. The parameter
may comprise a node i1dentification, a set of node attributes,
a set ol edges without attributes, a set of edges with
attributes, or a set of edge attributes. The method may
turther comprise causing the display of the graph topology
based on the analyzed set of unclassified tables.

In some examples, the method may further comprise
responsive to the primary key comprising a single column
which does not comprise a time stamp, 1dentifying the single
column as the node identification and responsive to the
primary key comprising two columns and one of the col-
umns comprising the time stamp, i1dentifying the column
which does not comprise the time stamp as the node 1den-
tification. In some examples, the method may further com-
prise responsive to node identification being identified,
identifving a set of columns of the unclassified table as the
set of node attributes, wherein the set of columns of the
unclassified table do not comprise the primary key or the set
of foreign keys.

In some examples, the method may further comprise
responsive to the primary key comprising a single column,
identifying the set of foreign keys as the set of edges without
attributes. For each foreign key, the method may further
comprise determining from the unclassified table a source of
an edge without attributes and determining from a further
table associated with the set of foreign keys a destination of
the edge without attributes.

In some examples, the method may further comprise
responsive to the primary key comprising more than one
column determining a set of pairs of foreign keys based on
the set of foreign keys, 1dentifying the set of pairs of foreign
keys as the set of edges with attributes and identifying
additional columns of the table as the set of edge attributes,
wherein the additional columns of the table do not comprise
the primary key or the set of foreign keys. For each pair of
foreign keys the method may comprise determining a {first
key of a pair of foreign keys a source of an edge with
attributes and determiming a second key of the pair of foreign
keys a destination of the edge with attributes.

In an example according to the present disclosure a
non-transitory machine-readable storage medium may be
encoded with instructions to infer a graph topology. The
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non-transitory machine-readable storage medium may com-
prise instructions to process ol a set of unclassified tables
and for each table specily a primary key based on a set of
columns of an unclassified table, specily a set of foreign
keys, each key comprising a column of the unclassified table
and 1dentily a parameter based on the unclassified table, the
primary key and the set of foreign keys, the parameter
comprising a node 1dentification, a set of node attributes, a
set of edges without attributes, a set of edges with attributes
or a set ol edge attributes. The non-transitory machine-
readable storage medium may further comprise nstructions
to cause the display of the graph topology based on the
processed set of unclassified tables.

In some examples, the non-transitory machine-readable
storage medium may be encoded with instructions to respon-
sive to the primary key comprising a single column which
does not comprise a time stamp, identily the single column
as the node 1dentification and responsive to the primary key
comprising two columns and one of the columns comprising
the time stamp, 1dentily the column which does not comprise
the time stamp as the node identification. The non-transitory
machine-readable storage medium may be further encoded
with 1nstructions to responsive to node identification being
identified, identity a set of columns of the unclassified table
as the set of node attributes, wherein the set of columns of
the unclassified table do not comprise the primary key or the
set of foreign keys.

In some examples, the non-transitory machine-readable
storage medium may be encoded with instructions to respon-
s1ve to the primary key comprising a single column, identify
the set of foreign keys as the set of edges without attributes.
For each foreign key non-transitory machine-readable stor-
age medium may be encoded with instructions to determine
from the unclassified table a source of an edge without
attributes and determine from a further table related to the
foreign key a destination of the edge without attributes.

In some examples, the non-transitory machine-readable
storage medium may be encoded with instructions to respon-
sive to the primary key comprising more than one column,
determine a set of pairs of foreign keys based on the set of
foreign keys, 1dentily the set of pairs of foreign keys as the
set of edges with attributes and 1dentily additional columns
of the table as the set of edge attributes, wherein the
additional columns of the table do not comprise the primary
key or the set of foreign keys. For each pair of foreign keys
the non-transitory machine-readable storage medium may
be encoded with instructions to determine a first key of a pair
of foreign keys a source of an edge with attributes and
determine a second key of the pair of foreign keys a
destination of the edge with attributes.

Referring now to the drawings, FIG. 1 shows an example
of a computing device 100 for inferring a graph topology.
The computing device 100 may be, for example, a cloud
server, a local area network server, a web server, a main-
frame, a mobile computing device, a notebook or desktop
computer, a smart TV, a point-of-sale device, a wearable
device, any other suitable electronic device, or a combina-
tion of devices, such as ones connected by a cloud or internet
network, that perform the functions described herein. In the
example shown in FIG. 1, system 100 includes a processing
resource 115 and a non-transitory machine-readable storage
medium 105 encoded with 1nstructions to infer graph topolo-
g1es.

The processing resource 115 may be one or more central
processing units (CPUs), semiconductor-based micropro-
cessors, and/or other hardware devices suitable for retrieval
and execution of nstructions stored in a machine-readable
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storage medium 105. The processing resource 115 may
fetch, decode, and execute instructions 110, 120, 130, 140
and 190 and/or other instructions to implement the proce-
dures described herein. As an alternative or 1n addition to
retrieving and executing instructions, the processing 3
resource 115 may include one or more electronic circuits
that include electronic components for performing the func-
tionality of one or more of instructions 110, 120, 130, 140
and 190.

In an example, the program instructions 110, 120, 130, 10
140 and 190, and/or other instructions can be part of an
installation package that can be executed by the processing
resource 115 to mmplement the functionality described
herein. In such a case, the machine-readable storage medium
105 may be a portable medium such as a CD, DVD, or flash 15
drive or a memory maintained by a computing device from
which the stallation package can be downloaded and
installed. In another example, the program instructions may
be part of an application or applications already installed on
the computing device 100. 20

The machine-readable storage medium 105 may be any
clectronic, magnetic, optical, or other physical storage
device that contains or stores executable data accessible to
the computing device 100. Thus, the machine-readable
storage medium 105 may be, for example, a Random Access 25
Memory (RAM), an Electrically Erasable Programmable
Read-Only Memory (EEPROM), a storage device, an opti-
cal disc, and the like. The machine-readable storage medium
105 may be a non-transitory storage medium, where the term
“non-transitory” does not encompass transitory propagating 30
signals. The machine-readable storage medium 105 may be
located 1in the computing device 100 and/or in another
device 1n communication with the computing device 100. As
described 1n detail below, the machine-readable storage
medium 105 may be encoded with instructions 110 to 35
process a set of unclassified tables associated with a graph
topology, instructions 120 to determine a primary key from
each table from the set, instructions 130 to determine a set
of foreign keys from each table from the set, instructions 140
to 1dentiy parameters associated with the graph topology 40
from each table from the set and instructions 190 to cause
the display of the graph topology based on the set of
unclassified tables once processed. The term set in the
present disclosure refers to one or more clements. An
unclassified table can be a table whose content may not be 45
classified yet as content related to a node or an edge or both
by performing the solution described 1n the present disclo-
sure. After the content of an unclassified table can be
processed by the solution described in the present disclo-
sure, this table can be classified as a node table or an edge 50
table or both. The set of unclassified tables may comprise all
the tables found 1n a predetermined relational schema avail-
able 1n a particular relational database management system.
The set of unclassified tables may be modeled as an unor-
dered set of tables. 55

For each of the tables from the set of unclassified tables,
the primary key of a table can comprise one or more
columns of the table and the set of foreign keys may
comprise one or more foreign keys, where each of the
foreign keys can comprise a single column of the same table. 60

The mstructions 110 to process a set of unclassified tables
associated with a graph topology may comprise the mstruc-
tions 120 to determine a primary key from each table from
the set, the mnstructions 130 to determine a set of foreign
keys from each table from the set and the mstructions 140 to 65
identily parameters associated with the graph topology from
cach table from the set. The instructions 110 can be executed
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to each table from the set of unclassified tables. Each table
from the set may be processed by the instructions 120, 130
and 140. The computing device described in the present
disclosure can be configured to process tables related to any
type of relational database management system. Instructions
120 can determine the primary key from each table from the
set of unclassified tables. The primary key can be used to
uniquely identify a row 1n a table from the set of tables. Two
rows Irom the table cannot have the same primary key.
Columns comprising 1dentification numbers can be often
used as primary keys. Any field that is not necessarily
unique, such as e.g. a person’s name should not be suitable
for being a primary key. By determining the primary key of
a table, a node ID from the same table could be inferred by
identifving the primary key of the table as the node ID,
where this node ID should be unique between nodes of the
same type. By determiming the node ID, the table can be
related to unique node of a specific type. The node type can
be the column comprising the node ID. The primary key may
be determined by parsing the relational schema provided by
¢.g. Data Description Language (DLL) and then selecting
one or more columns from the table. FIG. 3 describes how
to 1dentily the node ID.

Instructions 130 can determine a set of foreign keys from
cach table from the set of unclassified tables. A first foreign
key can be a field (or collection of fields) from a first table
that can uniquely i1dentify a row from a further table. A
second foreign key can be defined 1n the further table and
can refer to the first table. The foreign keys can be a clear
association between two tables from the set of unclassified
tables and they can be an indicative of possible edges.
Instructions 130 can determine the set of foreign keys by
ispecting the syntax of the relational schema provided by
¢.g. the DLL and then selecting one or more columns from
the table according to this relational schema. FIG. 5 and
FIG. 6 describes how to identily edges according to the
proposed solution.

Inferring the graph topology can be achieved by perform-
ing mstructions 190 that can cause the display of the graph
topology once the set of unclassified tables have been
processed by instructions 120, 130 and 140. Instructions 190
may further comprise instructions to store the graph topol-
ogy and instructions to transmit the graph topology, where
the 1nstructions to transmit the graph topology can comprise
istructions to transmit the graph topology via a network to
a remote system with capabilities to process the graph
topology. The graph can comprise nodes that can be dis-
played by distinct points. Each of these points can represent
a node ID with associated node attributes. Information about
the node attributes can be displayed adjacent to the points.
The graph can further comprise edges that can be displayed
by arcs joining a pairs of points. Each of these arcs (1.e. the
edges) may have associated edge attributes that can be
displayed adjacent to the arcs. Node and edge attributes can
be data associated with nodes and edges, respectively.

FIG. 2 shows instructions 240 to identily parameters
associated with the graph topology from each table. The
instructions 240 can correspond to instructions 140 from
FIG. 1. As mentioned above, parameters may comprise a
node 1dentification, a set of node attributes, a set of edges
without attributes, a set of edges with attributes or a set of
edge attributes. The instructions 240 can be applied to each
the table from the set of unclassified tables. The 1nstructions
240 can comprise 1nstructions that can be sequentially
applied to each table from the set of unclassified tables as
shown 1 FIG. 2. Some of the instructions 240 may be
implemented before mnstructions 190 to cause the display of
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the graph topology described in FIG. 1. According to an
example of the present disclosure, the instructions 240 can
comprise instructions 241 to identily a node 1D from each
table from the set of unclassified tables, instructions 250 to
identify a set of node attributes from each table, where the
set of node attributes may comprise one or more node
attributes. The instructions 240 can further comprise mstruc-
tions 260 to identily edges without attributes from each table
from the set of unclassified tables, instructions 270 to
identily edges with attributes from each table and instruc-
tions 280 to identily edges attributes from each table. The
following figures describe instructions 241, 250, 260, 270
and 280 in more detail.

FIG. 3 shows mstructions 341 (corresponding to instruc-
tions 241 from FIG. 2) to 1dentify a node ID from each table
from the set of unclassified tables. Instructions 341 can be
applied to each table from the set of unclassified tables. A
table 1dentified with a node ID can be classified as a node
table. Anode ID can be determined based on the primary key
previously identified and based on the primary key comply-
ing with conditions described 1n instructions 341. The solu-
tion according to the present disclosure can classity a table
as a node table if a node ID 1s i1dentified from the table. A
node table can be a table wherein all 1ts content 1s related to
node information. Hence, a node table 1s a table with an
identified node ID. A node table can further comprise node
attributes. A node table can be associated with a node of the
graph topology. A table cannot be classified as a node table
if a node ID 1s not 1dentified from that table and therefore
node information cannot inferred from that table, 1.e. this
table cannot contribute with nodes and node attributes to the
graph. In this regard, this node can be part of the graph
topology and can be used by a computing system to run a
graph algorithm. Instructions 341 can comprise istructions
that can be sequentially applied to each table from the set of
unclassified tables. The primary key may not comply with
the mentioned conditions described 1n 1nstructions 341 caus-
ing that a table associated with the primary key may not
being inferred.

According to an example of the present disclosure, the
instructions 341 can comprise instructions 342 to, respon-
s1ve to the primary key comprising a single column of a table
being processed, identity the single column as the node ID.
Alternatively, the mstructions 341 can comprise instructions
343 to, responsive to the primary key comprising two
columns and one of the two columns comprising a time-
stamp, 1dentily a column which does not comprise a time-
stamp as the node ID. A timestamp column can depict time
information as e.g. a logging event. Databases repositories
can have tables with columns comprising timestamps. A
column comprising a timestamp may not be relevant to the
proposed solution for determining a node ID unless the
primary key comprises a single column representing a time
stamp according to instructions 342. Instructions 341 may
not 1dentify the node ID from a table if the primary key
comprises more than two columns or i1f the primary key
comprises two columns and one of the two columns not
comprise a timestamp. If the node ID cannot be identified
from a table, this table cannot be classified as a node table
and a node cannot be inferred from that table.

FIG. 4 shows 1nstructions 450 (corresponding to mnstruc-

tions 250 from FIG. 2) to identily node attributes from each
table from the set of unclassified tables. A node attribute can
be a column from a table associated with an identified node
from the same table, for example a node type “user” may
have attributes “age”, 1.e. a column “age” containing num-
bers and “gender”, 1.e. a column “gender” containing “male”
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or “female”. Instructions 450 can be applied to each table
from the set of unclassified tables. According to an example
of the present disclosure, the mnstructions 450 can comprise
instructions 431 to, responsive to the node ID being 1den-
tified, identify a set of columns from the table as the set of
node attributes, where this set of columns do not comprise
the primary key of the set of unclassified keys. The remain-
ing columns of the node table that do not comprise the
primary key or the set of foreign keys can be the node
attributes upon classifying that table as a node table. Hence,
instructions 451 of FIG. 4 can be applied after identifying
the node ID by executing instructions 341 described 1n FIG.
3. The set of node attributes can be one or more node
attributes, where each node attribute comprises a single
column of the table being processed. Each of the columns of
the node table may be 1dentified as a single type of attribute
for the node associated with the table.

FIG. 5 shows mstructions 560 (corresponding to instruc-
tions 260 from FIG. 2) to identify one or more edges without
attributes from each table from the set of unclassified tables.
An edge without attributes can be represented in the graph
topology by an arc beginning and ending 1n a node. Instruc-
tions 560 can be applied to each table from the set of
unclassified tables. The solution according to the present
disclosure can classity a table as an edge table 1 edges with
attributes or edges without attributes are identified in the
table and where these edges can be represented 1n the graph
topology. In this regard, the 1dentified edges from each table
can be part of the graph topology and can be used e.g. by a
computing system to run a graph algorithm.

Instructions 560 can comprise 1nstructions that can be
sequentially applied to each table from the set of unclassified
tables. According to an example of the present disclosure,
the instructions 3560 can comprise instructions 361 to,
responsive to the primary key comprising a single column of
the table being processed, 1dentify the set of foreign keys as
the set of edges without attributes, where each edge without
attributes can be related to a foreign key. Each edge without
attributes may be determined by executing instructions 562
and 563. In particular, instructions 532 can comprise mnstruc-
tions to determine from the edge table a source of an edge
without attributes and instructions 363 to determine from a
further table that 1s a destination of the edge without
attributes.

The source of the edge without attributes can be the edge
table being processed and the destination of the edge without
attributes can be the further table, where the further table can
be obtained from the foreign key related to the edge without
attributes. The further table may be a table from the set of
unclassified tables and may be specified by the foreign key.
In an example of the present disclosure, the edges without
attributes may be undirected edges. An undirected edge can
be defined as an edge with no orientation. Hence, an
undirected edge does not have a direction assigned.

A self-edge can be a particular edge without attributes
where the source of the edge and the destination of the edge
can be the same table from the set of unclassified tables, 1.e.
the self-edge 1s an edge that can begin and end 1n a node of
the same topological type. Nodes of the same topological
type can be defined as nodes that share the same set of node
attributes and the same node type name. For example, three
nodes ol topological type name “person” comprise node
attributes name, age and height, hence these three nodes of
type name “person” can be nodes of the same topological
type.

FIG. 6 shows istructions 670 (corresponding to instruc-
tions 270 of FIG. 2) to identily one or more edges with
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attributes from each table from the set of unclassified tables.
An edge with attributes can be represented 1n the graph
topology by an arc beginning and ending 1n a node with
different topological type where this arc can have associated
edge attributes. An edge with attributes my associated with
two foreign keys determined in the same table. FIG. 7
describes how to i1dentily edges attributes. Instructions 670
can be applied to each table from the set of unclassified
tables. A table that has been identified with edges with
attributes can be classified as an edge table similarly to a
table that has been 1dentified with edges without attributes.
Instructions 670 can comprise 1instructions that can be
sequentially applied to each table from the set of unclassified
tables.

According to an example of the present disclosure, the
instructions 670 can comprise instructions 671 to, respon-
s1ve to the primary key comprising more than one column of
the table being processed, determine a set of pairs of foreign
keys based on the set of foreign keys and 1dentily the set of
pairs ol foreign keys as the set of edges with attributes. As
described in FIG. §, responsive to the primary key compris-
ing a single column, edges without attributes can be 1den-
tified but not edges with attributes. The set of pairs of foreign
keys can be a set of pairs that comprise all possible foreign
key pair combinations from the set of foreign keys from the
table being processed. The set of edges with attributes can be
one or more edges with attributes, where each edge with
attributes may be determined by executing instructions 672
and 673. In particular, instructions 670 can further comprise
instructions 672 to determine a first key of a pair of keys as
a source of an edge with attributes and instructions 673 to
determine a second key of the pair of keys as a destination
of the edge with attributes. According to the solution pro-
posed 1n the present disclosure, the edges with attributes
may be undirected edges.

FIG. 7 shows 1nstructions 780 (corresponding to mstruc-
tions 280 from FIG. 2) to identily a set of edge attributes
from each table from the set of unclassified tables. An edge
attribute can be a data associated with an edge, for example
an edge “rented” may have attributes “date” and “price”.
Instructions 780 can be applied to each table from the set of
unclassified tables. According to an example of the present
disclosure, the instructions 780 can comprise instructions
781 to, responsive to the set of edges with attributes being
identified and the table being classified as an edge table,
identily a set of columns from the table as the set of edged
attributes, where this set of columns do not comprise the
primary key or the set of foreign keys. The remaiming
columns of the edge table that do not comprise the primary
key or the set of foreign keys can be 1dentified as the set of
edge attributes upon classitying that table as an edge table.
Each of the columns of the edge table may be identified as
a single type of attribute for the edge associated with the
table.

Hence, 1nstructions 781 of FIG. 7 can be executed after
the set of edges with attributes by applying instructions 670
described 1n FIG. 6. The set of edge attributes can be one or
more edge attributes, where each edge attribute comprise a
single column of the edge table being processed.

FIG. 8 describes an example of a block diagram 800 for
inferring a graph topology according to an example of the
present disclosure. For example 1nstructions 110 previously
described 1n FIG. 1 may implement block 810 within the
diagram 800 for analyzing a set ol unclassified tables
associated with a graph topology. Responsive to the set of
tables being analyzed, the instructions 120 may implement
block 820 for determining a primary key from a table being,
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analyzed, where this table can be part of the set of unclas-
sified tables. The 1nstructions 130 may execute block 830 for
determining a set of foreign keys from the table being
analyzed and the instructions 140 may implement block 840
for 1dentitying parameters associated with the graph topol-
ogy from the table being analyzed and instructions 190 may
implement block 890 for causing the display of the graph
topology based on the set of unclassified tables once ana-
lyzed.

The relationship among nodes, edges and attributes and
how the graph topology 1s displayed according to these
clements has been described 1n FIG. 1. Inferring the graph
topology can be achieved by performing instructions 190
that can implement block 890 and may further comprise
instructions to transmit the graph topology, where the
instructions to transmit the graph topology can comprise
istructions to transmit the graph topology via a network to
a remote system with capabilities to process the graph
topology and instructions to store the graph topology.

FIG. 9 shows an example of a block diagram 900 describ-
ing a method for mferring a graph topology. The block
diagram 900 starts at block 910 that can be carried out by
executing instructions 110 to analyze a set of unclassified
tables associated with a graph topology, and for each table
of the set, the mstructions 120 can implement block 920 to
determine a primary key from each of the tables being
analyzed. Referring to one of the tables, the primary key can
comprise one or more columns of the table. After determin-
ing the primary key from the table, a set of foreign keys
associated with the table can be determined by executing
instructions 130 to carry out block 930. Each foreign key can
correspond to a single column from the table being analyzed.

Instructions 341 previously described in FIG. 3 can
implement block 942a to determine whether the primary key
comprises a single column or not. I the primary key
comprises a single column from the table being analyzed,
instructions 342 can execute block 9425 where the single
column of the table comprising the primary key can be
identified as the node ID of the table. This table can be
classified as a node table.

If block 9424 determines that the primary key comprises
a single column from the table being analyzed, the set of
foreign keys previously determined can be 1dentified as a set
of edges without attributes 1 block 961 by executing
instructions 560 and 561 described in FIG. 5. The table
processed by executing mnstructions 560 and 561 to identify
edges without attributes can be classified as an edge table. In
this respect, a table classified as an edge table can be
classified as a node table and vice versa. In order to define
the set of edges without attributes, mstructions 562 and 563
can 1implement blocks 962 and 963, respectively. In block
962 the edge table can be determined as a source of an edge
without attributes. In block 963 a further table from the set
ol unclassified tables can be determined as a destination of
the edge without attributes. Blocks 962 and 963 can be
iteratively executed by the aforementioned instructions in
order to process the whole set of foreign keys determined 1n
block 930. Hence, all the edges without attributes that could
be inferred from the edge table and associated further tables
can be 1dentified.

Stepping back to block 9424, 11 the primary key does not
comprise a single column of the table being analyzed, the
diagram 900 may move to block 943a implemented by
instructions 341 and block 971a implemented by 1nstruc-
tions 670. In block 9434, the primary key can be analyzed
to determine whether the primary key comprises two col-
umns of the table and one of the columns comprises a
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timestamp variable. If the check performed 1n block 9434 1s
positive, the column which does not comprise the timestamp
variable 1s 1dentified as the node ID of the table by executing,
mstructions 343 1n block 94356. Hence, this table can be
classified as a node table after executing the aforementioned
instructions. If the check performed 1n block 943a 1s nega-
tive, the diagram 900 ends 1n block 999 and nothing can be
inferred from the table being analyzed.

Instructions 671 as part of instructions 670 can implement
block 971a that can determine a set of pairs of foreign keys
based on the set of foreign keys. The set of pairs of foreign
keys can be all possible pair combinations of different
foreign keys previously determined 1n block 930, e.g. i1 the
set of foreign keys comprises three foreign keys determined
from the table being analyzed 1n block 930, the set of pairs
ol foreign keys can comprise six pairs of foreign keys. In
another example, the set of pairs of foreign keys can
comprise all possible pair combinations of foreign keys
determined 1n block 930. Furthermore, instructions 671 can
implement block 9715 that can identily the set of pairs of
toreign keys determined 1n previous block 971a as the edges
with attributes. Hence, for the mentioned particular
example, block 97156 could determine a total of six edges
with attributes for the graph topology. This table can be
classified as an edge table after executing the aforemen-
tioned 1nstructions.

Instructions 672 may implement block 972 that can
determine a first key of a pair of foreign keys of the set of
pairs previously determined 1n block 9715 as a source of one
of the edges with attributes. Instructions 673 may implement
block 973 that can determine a second key from the same
pair of foreign keys as a destination of the edge with
attributes. The determined edges with attributes according to
the present disclosure may not be directed edges. Instruc-
tions 781 may implement block 980 that can identily,
responsive to the istructions 670 identifying edges with
attributes, columns from the edge table as one or more edge
attributes where these columns do not comprise the columns
of the primary key or the columns of the set of foreign keys.

In block 990 the graph can be displayed by executing
instructions 190. The graph can be also transmitted 1n block
990 to an external remote system or stored in the computing
device 100 by executing instructions 190. Block 990 can be
performed by taking use of the parameters previously deter-
mined along the diagram 900, 1.e. the primary key, the set of
foreign keys, the node 1D, the set of node attributes, the set
of edges without attributes, the set of edges with attributes
and the set of edge attributes.

FIG. 10 shows a block diagram 1000 of an example of a
machine-readable storage medium 1005 according to an
example of the present disclosure for inferring a graph
topology. The storage medium 1005 can include nstructions
executable by a processing resource 1015. In particular, the
storage medium 1005 can comprise instructions 1010 to
process a set of unclassified tables associated with a graph
topology and for each table, the following instructions can
be executed: instructions 1020 to specily a primary key from
a table, 1structions 1030 to specily a set of foreign keys
from the table and instructions 1040 to identify parameters
from the table associated with the graph. Furthermore, the
machine-readable storage medium 1005 can comprise
instructions 1090 to infer the graph topology by causing the
display of the graph based on the set of unclassified tables
once 1t has been processed by 1nstructions 1010. Instructions
1090 can comprise instructions to transmit, provide and
store the inferred graph topology.
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FIG. 11 shows a block diagram 1100 of an example of a
machine-readable storage medium 1005 according to an
example of the present disclosure for inferring a graph
topology. The storage medium 1105 can include instructions
executable by a processing resource 1115. In particular, the
storage medium 1105 can comprise instructions 1110 to
process a set ol unclassified tables to infer a graph, an in
particular it iteratively executes instructions for every table
of the set of tables. These instructions comprise istructions
1120 to specily a primary key from a table from the set of
unclassified tables, instructions 1130 to specily a set of
foreign keys from the table, mstructions 1141 to identify a
node ID from the table, instructions 1142 to identify node
attributes from the table, instructions 1143 to identify edges
without attributes from the table, instructions 1144 to i1den-
tify edges with attributes from the table and instructions
1145 to i1dentity edges attributes from the table. Further-
more, the storage medium 1105 comprises mstructions 1190
to 1nier the graph topology to cause the display of the graph
topology based on the set of unclassified tables once pro-
cessed. Instructions 1105 can comprise instructions to trans-
mit, provide and store the inferred graph topology.

The sequence of operations described 1n connection with
FIGS. 1 to 11 are examples and are not intended to be
limiting. Additional or fewer operations or combinations of
operations may be used or may vary without departing from
the scope of the disclosed examples. Furthermore, imple-
mentations consistent with the disclosed examples may not
perform the sequence of operations or instructions in any
particular order. Thus, the present disclosure merely sets
forth possible examples of implementations, and many
variations and modifications may be made to the described
examples. All such modifications and variations are intended
to be included within the scope of this disclosure and
protected by the following claims.

What 1s claimed 1s:

1. A computing device for inferring a graph topology,
comprising a physical processor that executes machine
readable instructions that cause the computing device to:

process a set of unclassified tables comprising an unor-

dered set of tables of a relational database to generate
the graph topology based on a relational schema of the
relational database to classify each unclassified table as
a node, an edge, or both of the resulting graph topology,
and for each table:

determine a primary key comprising a set of columns of

a table being processed;
determine a set of foreign keys, each foreign key com-
prising a column of the table being processed;
identily a parameter based on the table being processed,
the primary key and the set of foreign keys, the

parameter comprising:
" edges without attributes;
a set ol
cause the display of the graph topology based on the
which does not comprise a time stamp, identify the
and one of the columns comprising the time stamp,

a node 1dentification;

a set of node attributes:

a set ot ec

" edges with attributes; or

a set of edge attributes;
processed set of unclassified tables;

responsive to the primary key comprising a single column
single column as the node 1dentification; and

responsive to the primary key comprising two columns
identify the column which does not comprise the time
stamp as the node identification; and
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responsive to the node identification being identified,
identify a set of columns of the processed table as the
set of node attributes, wherein the set of columns of the
processed table do not comprise the primary key or the
set of foreign keys.

2. The computing device according to claim 1, wherein
the physical processor executes machine readable nstruc-
tions that cause the computing device to:

responsive to the primary key comprising a single col-

umn, 1dentily the set of foreign keys as the set of edges
without attributes,

wherein for each foreign key:

determine from the processed table a source of an edge
without attributes; and

determine from a further table associated with the a set
of foreign keys a destination of the edge without
attributes.

3. The computing device according to claim 1, wherein
the physical processor executes machine readable 1nstruc-
tions that cause the computing device to:

responsive to the primary key comprising more than one

column:

determine a set of pairs of foreign keys based on the set
of foreign keys;

identify the set of pairs of foreign keys as the set of
edges with attributes; and

identify additional columns of the processed table as
the set of edge attributes, wherein the additional
columns do not comprise the primary key or the set
of foreign keys,

wherein for each pair of foreign keys:

determine a first key of a pair of foreign keys a source
of an edge with attributes; and

determine a second key of the pair of foreign keys a
destination of the edge with attributes.

4. A method for inferring a graph topology, the method
being implemented by a computing device comprising a
physical processor executing machine readable 1nstructions,
the method comprising:

analyzing a set of unclassified tables comprising an unor-

dered set of tables of a relational database to generate
the graph topology based on a relational schema of the
relational database 1n order to classify each unclassified
table as a node, and edge, or both of the graph topology,
and for each table:

obtaining a primary key, the primary key representing a

set of columns of a table from the set of unclassified
tables;

obtaining a set of foreign keys, each foreign key repre-

senting a column of the table; and

identifying a parameter based on the table, the primary

key and the set of foreign keys, the parameter com-

prising;:

a node 1dentification;

a set of node attributes;

a set of edges without attributes;

a set of edges with attributes; or

a set of edge attributes;

identifying the node identification based on the primary
key, wherein the node identification includes a column
that does not comprise a time stamp;

responsive to node identification being i1dentified, 1denti-
tying a set of columns of the unclassified table as the set
of node attributes, wherein the set of columns of the
unclassified table do not comprise the primary key or
the set of foreign keys; and
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causing the display of the graph topology based on the
analyzed set of unclassified tables.

5. The method of claim 4, further comprising:

responsive to the primary key comprising a single column
which does not comprise the time stamp, 1dentifying
the single column as the node 1dentification; and

responsive to the primary key comprising two columns
and one of the columns comprising the time stamp,
identifying the column which does not comprise the

time stamp as the node identification.

6. The method of claim 4, further comprising;:

responsive to the primary key comprising a single col-

umn, i1dentifying the set of foreign keys as the set of
edges without attributes,

wherein for each foreign key:

determining from the unclassified table a source of an

edge without attributes; and

determining from a further table associated with the set of

foreign keys a destination of the edge without attri-
butes.

7. The method of claim 4, further comprising:

responsive to the primary key comprising more than one

column:
determining a set of pairs of foreign keys based on the
set of foreign keys;
identifying the set of pairs of foreign keys as the set of
edges with attributes; and
identifying additional columns of the table as the set of
edge attributes, wherein the additional columns of
the table do not comprise the primary key or the set
of foreign keys,
wherein for each pair of foreign keys:
determining a first key of a pair of foreign keys a
source of an edge with attributes; and
determining a second key of the pair of foreign keys
a destination of the edge with attributes.

8. A non-transitory machine-readable storage medium for
inferring a graph topology, encoded with machine-readable
instructions executable by the physical processor that cause
the computing device to:

during the processing of a set of unclassified tables

comprising an unordered set of tables of a relational
database to generate the graph topology based on a
relational schema of the relational database 1n order to
classily each unclassified table as a node, an edge, or
both of the resulting graph topology and for each table:
specily a primary key based on a set of columns of a
table;
specily a set of foreign keys, each key comprising a
column of the table; and
identily a parameter based on the unclassified table, the
primary key and the set of foreign keys, the param-
eter comprising;:
a node 1dentification;
a set of node attributes;
a set of edges without attributes;
a set of edges with attributes; or
a set of edge attributes;
identily the node 1dentification based on the primary key,
wherein the node 1dentification includes a column that
does not comprise a time stamp;

responsive to node identification being 1dentified, identity

a set of columns of the unclassified table as the set of
node attributes, wherein the set of columns of the
unclassified table do not comprise the primary key or
the set of foreign keys; and
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cause the display of the graph topology based on the

processed set of unclassified tables.

9. The non-transitory machine-readable storage medium
of claim 8, further comprising machine readable instructions
that cause the computing device to:

responsive to the primary key comprising a single column

which does not comprise a time stamp, identily the
single column as the node 1dentification; and

responsive to the primary key comprising two columns
and one of the columns comprising the time stamp,
identify the column which does not comprise the time
stamp as the node i1dentification.

10. The non-transitory machine-readable storage medium
of claim 8, further comprising machine readable instructions
that cause the computing device to:

responsive to the primary key comprising a single col-

umn, 1dentily the set of foreign keys as the set of edges
without attributes,

wherein for each foreign key:

determine from the unclassified table a source of an
edge without attributes; and
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determine from a turther table related to the foreign key

a destination of the edge without attributes.
11. The non-transitory machine-readable storage medium
of claim 8, further comprising machine readable instructions

5 that cause the computing device to:
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responsive to the primary key comprising more than one
column:
determine a set of pairs of foreign keys based on the set of
foreign keys;
identily the set of pairs of foreign keys as the set of edges
with attributes; and
identily additional columns of the table as the set of edge
attributes,
wherein the additional columns of the table do not com-
prise the primary key or the set of foreign keys,
wherein for each pair of foreign keys:
determine a first key of a pair of foreign keys a source
of an edge with attributes; and
determine a second key of the pair of foreign keys a
destination of the edge with attributes.
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